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Abstract  
 
Driving on motorways has largely been reduced to a lane-keeping task with cruise control. 
Rapidly, drivers are likely to get bored with such a task and take their attention away from the 
road. This is of concern in terms of road safety – particularly for professional drivers - since 
inattention has been identified as one of the main contributing factors to road crashes and is 
estimated to be involved in 20 to 30% of these crashes. Furthermore, drivers are not aware 
that their vigilance level has decreased and that their driving performance is impaired. 
Intelligent Transportation System (ITS) intervention can be used as a countermeasure 
against vigilance decrement. This paper aims to identify a variety of metrics impacted during 
monotonous driving - ranging from vehicle data to physiological variables - and relate them to 
two monotonous factors namely the monotony of the road design (straightness) and the 
monotony of the environment (landscape, signage, traffic). Data are collected in a driving 
simulator instrumented with an eye tracking system, a heart rate monitor and an 
electrodermal activity device (N=25 participants). The two monotonous factors are varied 
(high and low) leading to the use of four different driving scenarios (40 minutes each). We 
show with Generalised Linear Mixed Models that driver performance decreases faster when 
the road is monotonous. We also highlight that road monotony impairs a variety of driving 
performance and vigilance measures, ranging from speed, lateral position of the vehicle to 
physiological measurements such as heart rate variability, blink frequency and electrodermal 
activity. This study informs road designers of the importance of having a varied road 
environment. It also provides a range of metrics that can be used to detect in real-time the 
impairment of driving performance on monotonous roads. Such knowledge could result in the 
development of an in-vehicle device warning drivers at early signs of driving performance 
impairment on monotonous roads. 
 
 
Résumé  
 
Conduire sur autoroute a été largement réduit à une tache de maintien de trajectoire, 
notamment avec le développement des régulateurs de vitesse. Sur de telles routes les 
conducteurs peuvent rapidement perdre la motivation de conduire et porter leur attention 
hors de la route. C’est un problème en terme de sécurité routière, et ce particulièrement pour 
les professionnels de la conduite, car l’inattention au volant a été identifiée comme l’un des 
principaux facteurs contribuant aux accidents de la route. Il est estimé que l’inattention est 
responsable de 20 à 30% des accidents. De plus, le conducteur ne se rend pas compte que 
sa vigilance a diminué ainsi que sa capacité à conduire. Le développement d’interventions 
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utilisant des systèmes intelligents de conduite doit être considéré pour répondre au problème 
des baisses de vigilance. Le présent article se veut d’identifier une large gamme de mesures 
modifiées lors de la conduite sur routes monotones, tant au niveau de la performance de la 
conduite que de la physiologie du conducteur. Ces mesures sont alors reliées à la monotonie 
de route, et plus spécifiquement à la monotonie du tracé de la route (ligne droites) et à la 
monotonie de l’environnement de conduite (paysage, panneaux, trafic). Les données sont 
recueillies à l’aide d’un simulateur de conduite équipé en plus d’un système de suivi des 
yeux, d’un moniteur cardiaque et d’un moniteur de l’activité électrodermale du conducteur 
(N=25 participants). Les deux dimensions de la monotonie sont variées (haut et bas), ce qui 
nécessite l’utilisation de quatre scénarios différents (40 minutes chacun). A l’aide de modèles 
linéaires généralisés mixtes (GLMMs), nous montrons que la conduite se détériore plus 
rapidement lorsque la route est monotone. Nous montrons aussi que la monotonie de la 
route se traduit par l’altération d’une variété de mesures de performance et de vigilance 
allant de la vitesse, la capacité de positionner le véhicule au centre de la route à des 
mesures physiologiques comme la variabilité du rythme cardiaque, la fréquence des 
clignements d’yeux ou l’activité électrodermale. Cette expérience informe donc les 
concepteurs de routes de l’importance de varier l’environnement de conduite. Cette 
recherche présente aussi une série de mesures qui peuvent être utilisées pour détecter en 
temps réel les pertes de performance lors de la conduite sur des routes monotones. De tels 
résultats peuvent conduire au développement d’un système installé dans le véhicule qui 
détecte les signes précurseurs de la perte de capacité à la conduite sur route monotone. 
 
 
INTRODUCTION 
 
Drivers have to be ready to detect and respond to small changes occurring at random times 
in the environment. Driving is therefore largely a vigilance task as defined by Mackworth [1]. 
Humans experience difficulty in sustaining attention over long periods of time. This results in 
vigilance decrement. Such a decrement seriously increases crash risks and is a main road 
safety issue. Inattention has been identified as one of the major causes of road crashes 
globally by contributing to 20 to 30 % of road crashes [2, 3]. Vigilance impairment depends 
on many factors, the most studied being sleep-deprivation and distraction. Although there is 
a lack of available crash data to assess the impact of monotony during driving, recent 
research suggests monotonous conditions while driving can result in an important vigilance 
impairment independent of fatigue [4, 5] Such vigilance impairment is likely to reduce driving 
performance and contribute to crashes. Nevertheless, no research has assessed the impact 
of monotonous conditions on a wide range of driving performance measures, particularly on 
a continuous scale, that is to say at each time throughout the experiment. Such knowledge 
could be used to monitor drivers performance on monotonous roads in real-time and hence 
give an insight of how risky their driving behaviour is.  
 
The aim of this paper is to study a wide range of driving performance measures that are 
impacted during monotonous driving, ranging from vehicle data (speed, vehicle positioning) 
to physiological variables (electrocardiogram, electrodermal activity and eye tracking). This 
paper also aims to show the evolution of such driving performance impairment with time. We 
hypothesise that performance during monotonous driving can decrease due to a lack of road 
design variability (straightness of the road) and/or a lack of road environment variability 
(landscape, signage, traffic). Indeed monotony impacts the driver’s alertness [6] and 
consequently results in vigilance decrement which has been shown to reduce driving 
performance [4]. Therefore the measures under study are related to these two monotonous 
factors: the monotony of the road design and the monotony of the environment. This paper 
will first introduce the background of the research, and then provide a description of the 
experimental design. Results and discussion will then be presented, followed by a conclusion 
on the implications of these results. 
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1. Background 
 
1.1 Monotony 
 
Monotony is a functional state of the central nervous system characterised by a reduction in 
the level of cerebral activation and accompanied by feelings of weariness and sleepiness, 
decreased vigilance, disinclination for the task and decline in alertness [7]. 
 
Monotony is mainly conceptualised as a uni-dimensional task characteristic by vigilance 
research. In this case, monotony is the result of constant, highly repetitive or highly predictive 
stimuli. Nevertheless, more often than not, more than one exogenous factor relating to the 
task or operating environment is being manipulated to vary monotony. Such a definition is 
not sufficient to derive all the characteristics of monotony. The environment in which the task 
is performed can influence the vigilance performance as much as the monotony of the task 
itself [8]. 
 
Monotony has been categorised as an exogenous characteristics in recent psychological 
research, as opposed to a mental state (endogenous) [4, 9]. As a consequence, as long as a 
task consists of infrequent stimuli, low cognitive demand and low variance of task, the task 
can be characterised as monotonous and may impact the person's alertness. According to 
Dinges [10] monotony is an exogenous factor that multiplies the effects of fatigue and 
sleepiness. 
 
Monotony seems to be a construct with two dimensions that relate to characteristics of the 
task proper and the environment in which the task is carried out [11]. This distinction is 
particularly relevant in the case of driving. The driving task is mainly a vigilance task, for 
which the task complexity varies according to the location of the driving (city, rural or 
highway) and the traffic (cars and traffic lights). Indeed, more environmental stimuli and more 
critical events are likely to occur during urban driving than on a rural road or on a highway. 
The task complexity increases as the driver has to perform more actions (indicating, 
checking other lanes and mirrors, changing gears and steering wheel movement). 
Conversely, rural area environments are monotonous (repeated trees and straight road 
design leading to low variability of stimuli) and the driving task demands are reduced.  
 
1.2 Monotony and driving 
 
Monotony has a psychological effect on the driver [6]. Monotony impacts the driver’s 
alertness and consequently results in a decrease in vigilance. In fact, the driver experiences 
boredom quite rapidly, drowsiness or loss of interest in doing the driving task. Such vigilance 
impairment occurs more frequently in monotonous environments, especially highways at 
night [4]. This leads to the Highway hypnosis theory. This theory states that driving on 
monotonous roads becomes automatic and as a consequence the oculomotor system shifts 
from attentive to inattentive [12]. This leads to a state of low level of alertness to external 
stimulation [13] and the incapacity to react to infrequent sudden relevant traffic events, hence 
increasing crash risk. 
 
Performing both a monotonous task and driving in a monotonous environment have 
consequences on the driver's ability to drive. The driver may quickly lose the motivation to 
perform the task and then become less vigilant under such conditions. Nevertheless, drivers 
react differently to declines in vigilance. This is also observed with driving performance in a 
monotonous environment [4]. The experiment by Oron-Gilad et al. [14] shows that underload 
situations such as monotonous situations lead to fatigue symptoms and impaired driving 
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performance although the drivers were neither tired not sleep deprived prior to the driving 
task.  
 
Many metrics have been shown to be impaired during driver hypovigilance. Such metrics can 
be related to driver information (blinking behaviour, percentage of eye closure PERCLOS, 
physiological measures) and to vehicle and environment information (steering wheel 
movements, lateral vehicle behaviour, speed). Such measures have not been 
comprehensively studied to quantify effects of monotony on driving. 
 
The experiment by Oron-Gilad et al. [14] shows that monotonous situations impair driving 
with many types of measures: deterioration of steering wheel control over time, significant 
increases in sleepiness and significant increases in heart rate variability. Monotony can also 
lead to microsleeps during which the driver is asleep for a few seconds while his/her eyes 
are still open. The problem in terms of road safety is that the driver is not aware that he was 
driving for some distance while asleep [15]. Drivers falling asleep at the wheel contribute to 
the most severe of vigilance-related crashes, justifying the investigation of microsleeps [16, 
17].  
 
 
2. Methods 
 
2.1 Participants 
 
A stratified random sampling approach was used to obtain a representative population of 
licensed drivers (for at least two years), from different age groups (as per categories used in 
road safety i.e. 18-24, 25-59 and 60+). The 60+ category was not targeted in this study due 
to vision impairments and possible circadian and cognitive functioning changes related to 
ageing [18]. 
 
Twenty-five subjects aged between 18 and 49 (mean age = 29.1 years, SD = 8.3) 
volunteered for this study. Thirty participants were expected to drive in this experiment but 
five subjects were removed from the sample due to motion sickness which occurred during 
training on the driving simulator. 
 
Young drivers were recruited from Queensland University of Technology (QUT). Other 
participants were selected from staff at QUT and the general community. Participants had 
had their licence for a minimum of two years and drove a minimum of three days per week 
similar to previous research [19]. All subjects provided written consent for this study which 
was approved by QUT ethics committee. Participants were paid AUS $80 for completing the 
four driving sessions; students undertaking the first year psychology subject received course 
credit for their participation. 
 
2.2 Experimental design 
 
Four different scenarios were designed to vary the two dimensions of monotony in driving 
context (road design and the roadside environment). In each experiment, the participants 
were asked to drive and follow road rules for approximately 40 minutes. Each participant is 
tested on each scenario (repeated measures design). The task load is reduced and creates 
task monotony: 
 
• driving consists of following a lane (no itinerary involved) at constant speed (60 
kilometres per hour), without having to stop the car (no red traffic lights or other stops) 
or to press the brakes frequently (no T intersections or perpendicular turns) 
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• no manual gear changes were required 
• no use of indicators was required 
• low traffic conditions. 
 
Only stimuli are varied in the four scenarios (see Table 1 and Figure 1). Scenario 1 is 
characterised by low road design variability and a low roadside variability. Roadside 
variability is changed to high for scenario 2, while road design variability is increased for 
scenario 3. Scenario 4 includes  high variability in both road design and roadside variability.  
 
  
Roadside variability 
  low high 
low Scenario 1 Scenario 2 Road design variability 
high Scenario 3 Scenario 4 
 
Table 1 – The 4 experiment scenarios 
 
Road geometry is varied through the curvature of the road as well as its altitude. In the road 
design with low variability, the road is essentially straight with few curves and flat. Such a 
design is appropriate to represent highways and some rural roads. Reduced speed is chosen 
to have similar task demands in the different scenarios. In the road design with high 
variability, the road is a sequence of small straight sections, significant curves and hills. This 
models urban roads and some rural roads.  
 
The roadside design reflects areas where most fatigue related crashes occur. The roadside 
environment is varied in terms of road sign frequency and variability and scenery (desert with 
bushes along the road, urban highway, rural road with houses, farms, industries, etc.).  
 
 
 
 
 
 
Figure 1 – Screenshots of the 4 scenarios 
2.3 Experimental conditions 
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Participants were tested individually in a quiet room in four sessions lasting approximately 
one hour per session. Each participant drives in one of the four scenarios (randomly 
assigned) in the simulator once a week for four weeks at a fixed testing time. Testing times 
are scheduled at 9am, 11am, 1pm and 3pm. Each participant chooses a testing time for 
which they feel they are the most alert. 
 
A short practice is performed to familiarise participants with the driving task on the simulator 
permitting the setting up of sensors for the experiment at the same time. Next, participants 
performed their scenario and at the end of the experiment they answer questions about their 
level of alertness to check for the absence of fatigue effect. Participants are also asked not to 
consume alcohol 12 hours prior to the experiment. 
 
2.4 Materials 
 
2.4.1 Driving Interface 
 
Experimentation was conducted on the driving simulator Scaner from OKTAL. The road and 
environment were developed to fit the study requirements in terms of monotony. The 
participant sits in front of a screen where the Scaner simulator is played by a RGB video 
projector. The simulator displays a view from the inside of the vehicle with a speedometer. 
The participant drives the simulator using a modified computer steering wheel which provides 
force feedback and a two pedal set (brake and accelerator only). Five speakers reproduce 
the acoustics environment of inside a car. 
 
2.4.2 Sensors 
 
Data related to the vehicle’s dynamics or the environment is collected by the driving 
simulator software. Data related to the driver are collected with: 
• Bioradio which provides data related to skin conductance  EKG,  
• Facelab which provides data related to the driver's eyes (eye movements, blinks, 
etc.). 
 
2.4.3 Synchronisation Interface 
 
Data collected from the simulator and the different sensors are synchronised using RTmaps. 
This software records and time stamps data from different devices and different computers.  
 
2.5 Data analysis 
 
Regression analyses were performed to link the effects of both road design and road 
environment variability to driver performance and physiological state throughout the 
experiment. This analysis requires the use of Generalised Linear Mixed Models (GLMMs) to 
take into account the correlation between repeated measures on the same participant 
(longitudinal study). GLMMs from a Gaussian family are fitted for each driving 
performance/physiology metric to estimate the time evolution of these metrics given the four 
different scenarios. The different predictors used are therefore: 
• road monotony: road design and roadside monotony 
• time-on-task (as well as its square and/or log) 
Interactions between these predictors are considered up to a level 2 interactions. The 
participant's ID and the week are considered as random effects in the model. Prior to 
obtaining regression estimates, driving performance and physiological metrics were 
normalised for each participant. Each scenario used the five first minutes of simulated driving 
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as reference for each participant. Driving performance measures were only considered on 
straight section of the road to insure consistency of measurements (no bias due to curves on 
metrics such as steering wheel movements or lane positioning). 
 
Data extraction was performed with Matlab version 7.4.0.287. The EEGLAB v6.03b and 
Autonomic Nervous System Laboratory tool boxes have been used to analyse raw EKG and 
skin conductance data. Statistical modelling is performed with the software R version 2.5.0.  
 
 
3. Results 
 
Statistically significant factors influencing the different metrics under study are summarised in 
Table 2 (p-value<0.01). This table provides the estimate of the regression, its standard 
deviation as well as the p-value. These coefficients are used to draw Figure 2. This figure is 
composed of the evolution over time of the different driving performance and physiological 
metrics for the four different scenarios. 
 
During the forty minutes driving task, the lane lateral shift increases linearly for each 
scenario. The slope of increase is similar for scenarios 1 and 2 and for scenarios 3 and 4. 
The road design variability is the main factor influencing lane lateral shift, with a larger 
increase for straight roads (low road design variability) as compared to curvy roads (high 
road design variability). 
 
The standard deviation (SD) of the lane lateral shift decreases linearly for each scenario. 
Such decrease is more important for scenarios with a highly variable road design (scenarios 
3 and 4). Scenario 1 and 2 - characterised by low road design variability – are the scenarios 
with the smallest decrement. This shows that a highly variable road design is more effective 
in reaching consistent vehicle positioning throughout the experiment. 
 
The driver steering wheel movement behaviour follows a similar trend as the lane lateral 
shift, the difference being that steering wheel movement decreases for scenarios 3 and 4 
(instead of a small increase). This highlights that drivers use higher angle movements on 
straight roads as time goes, revealing the need to correct larger departure from normal lane 
positioning. 
 
The SD of the steering wheel movement follows the opposite trend: it decreases for 
scenarios 1and 2 while it increases for scenarios 3 and 4. Such a result suggests that drivers 
tend to reduce their wheel movements to maintain vehicle position on roads with low road 
design variability. 
 
Time to lane crossing (TLC) behaviour is similar for scenarios 1 to 3. It is characterised by a 
steep decrease during the ten first minutes of drive, followed by a stable phase. Scenario 4 
follows the opposite trend. This suggests that a highly variable road is required (both road 
design and road environment) to insure that TLC does not decrease. Indeed, such decrease 
reveals that drivers get closer to the lateral lane and are closer to going off-road. 
 
Speed tends to increase for every scenario. This increase is more important during the first 
ten minutes of the driving task. Nevertheless there are differences between scenarios. 
Scenarios 1 and 3 were similar (low road environment variability) while scenarios 2 and 4 
evolve similarly with time (high road environment variability). The speed increase was more 
important for scenarios 1 and 3. This reveals that drivers are less likely to comply with speed 
limits when the road environment is monotonous (desert-like).  
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Intercept
Estimate 5.8E-01 7.2E-02 -1.0E-01 -1.1E+00 -6.7E-01 -2.1E-01
SD 9.8E-02 2.2E-02 4.1E-02 2.2E-01 5.5E-02 1.2E-01
P-v al 0.0E+00 1.0E-03 1.1E-02 0.0E+00 0.0E+00 8.0E-02
Estimate 3.5E-01 1.8E+00 -2.8E-01 1.3E+00
SD 1.2E-01 2.4E-01 1.1E-01 2.9E-01
P-v al 2.1E-03 0.0E+00 0.0E+00 0.0E+00
Estimate 1.1E-01 2.1E+00 -3.1E-01 -4.6E-01
SD 2.0E-02 2.3E-01 6.5E-02 9.8E-02
P-v al 0.0E+00 0.0E+00 0.0E+00 0.0E+00
time
Estimate 1.0E-02 -3.1E-03 9.1E-04 4.2E-03 2.1E-03 -2.2E-02 1.4E-03 1.3E-02
SD 1.3E-03 4.5E-04 1.3E-04 3.0E-04 1.3E-04 1.3E-03 3.1E-04 9.9E-04
P-v al 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Estimate -2.6E-05 1.2E-05 1.3E-05 9.8E-05
SD 3.8E-06 1.5E-06 2.0E-06 5.5E-06
P-v al 0.0E+00 0.0E+00 0.0E+00 0.0E+00
log time
Estimate -2.7E-01 3.8E-01 2.2E-01 -6.3E-02 -3.5E-01
SD 3.7E-02 2.8E-02 9.1E-03 2.0E-02 6.3E-02
P-v al 0.0E+00 0.0E+00 0.0E+00 1.2E-03 0.0E+00
Estimate -1.3E-01 -1.9E+00 4.0E-01
SD 2.6E-02 3.7E-01 1.4E-01
P-v al 0.0E+00 0.0E+00 0.0E+00
Estimate 5.6E-03 -2.5E-03 6.8E-03 -2.1E-03 1.2E-02 1.4E-02
SD 1.7E-03 3.7E-04 4.0E-04 1.4E-04 2.0E-03 3.5E-03
P-v al 1.2E-03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.0E-04
Estimate -2.8E-03
SD 3.7E-04
P-v al 0.0E+00
Estimate -7.7E-03 1.3E-02 3.4E-03 8.8E-03
SD 1.0E-03 1.9E-03 4.3E-04 1.4E-03
P-v al 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Estimate -7.8E-04
SD 1.1E-04
P-v al 0.0E+00
Estimate -1.3E-05 -2.4E-05 -6.8E-05
SD 5.0E-06 2.1E-06 8.1E-06
P-v al 7.1E-03 0.0E+00 0.0E+00
Estimate 2.1E-05 -1.0E-05 -6.9E-05
SD 5.5E-06 6.0E-07 7.5E-06
P-v al 1.0E-04 0.0E+00 0.0E+00
Estimate -1.6E-01 -7.5E-01 1.4E-01 1.2E-02 -6.8E-01
SD 4.8E-02 9.0E-02 1.9E-02 4.4E-03 1.1E-01
P-v al 1.2E-03 0.0E+00 0.0E+00 6.7E-03 0.0E+00
Estimate -9.6E-01
SD 8.8E-02
P-v al 0.0E+00
Estimate 1.4E-02 -1.7E-03
SD 3.0E-03 1.1E-04
P-v al 0.0E+00 0.0E+00
Estimate 2.4E-02 -2.9E-03
SD 3.1E-03 2.4E-04
P-v al 0.0E+00 0.0E+00
Estimate 1.0E-02 -3.0E-03 1.3E-02 -1.4E-02 -8.7E-03
SD 2.9E-03 2.4E-04 1.3E-03 2.6E-03 2.0E-03
P-v al 4.0E-04 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Estimate -3.1E-05 -5.1E-05
SD 8.8E-06 1.0E-05
P-v al 4.0E-04 0.0E+00
Estimate -6.6E-05 -1.3E-05 -3.8E-05
SD 9.4E-06 2.4E-06 7.4E-06
P-v al 0.0E+00 0.0E+00 0.0E+00
Estimate -2.3E-05 -6.2E-05 7.6E-05 -1.5E-05 -5.0E-05
SD 8.5E-06 6.7E-06 1.1E-05 2.3E-06 1.0E-05
P-v al 7.7E-03 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Estimate -2.0E-02
SD 4.2E-03
P-v al 0.0E+00
Estimate 2.4E-02 9.2E-01
SD 4.1E-03 1.5E-01
P-v al 0.0E+00 0.0E+00
Low  road design 
var
Low  roadside 
var
time2
Low  road design 
var x Low  
roadside var
Low  road design 
var x time
High road design 
var x time
Low  roadside 
var x time
High roadside 
var x time
Low  road design 
var x time2
Low  roadside 
var x time2
Low  road design 
var x log time
Low  roadside 
var x log time
Low  road design 
var x High 
roadside var x 
time
High road design 
var x Low  
roadside var x 
time
Low  road design 
var x Low  
roadside var x 
time
Low  road design 
var x High 
roadside var x 
time2
High road design 
var x Low  
roadside var x 
time2
Low  road design 
var x Low  
roadside var x 
time2
High road design 
var x Low  
roadside var x 
log time
Low  road design 
var x Low  
roadside var x 
log time
Table 2 – Influence of predictors on driving performance and driver physiological metrics 
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Figure 2 – Evolution with time of the different driving performance and physiological measures 
 
 
Blink frequency increases linearly for scenario 1. It increased as well for scenarios 2 and 4 
but with a smaller slope. Blink frequency slightly decreases for scenario 3. 
Eye closure increased for all scenarios. The time evolution was similar for all scenarios 
during the first 15 to 20 minutes of the driving task but the increase trend is less important for 
the scenarios with reduced road environment variability (scenarios 1 and 3). 
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PERCLOS decreases for each scenario. PERCLOS is an indicator of increased sleepiness. 
This shows that the difference in performance in the different scenarios is not due to fatigue. 
This PERCLOS decrement is more important on curvy roads where higher visual attention is 
required. 
 
Interbeat intervals remain constant for scenarios with reduced road environment variability. 
They decrease linearly for scenarios 2 and 4, revealing an increase in heart rate. Such 
results could be the consequence of a more important mental effort (as compared to 
scenarios 1 and 3). 
 
Heart rate variability tends to decrease during the first ten minutes of the driving task, before 
a constant or increasing phase. The constant phase is observed for scenarios with high 
roadside variability, the increase being observed for scenarios with low roadside variability. 
The decrease is more important for scenarios with high road design variability and reveals 
increased mental effort. This is consistent with results from interbeat intervals. 
 
Skin conductance level (SCL) decreases importantly for scenarios 1 and 2, while it 
decreases slightly for scenarios with high road design variability. The decrease for scenarios 
1 and 2 is very steep during the first 15 minutes of the driving task. Road environment 
variability does not significantly impact SCL. Such decline in SCL suggests a lower level of 
arousal on straight roads. 
 
 
4. Discussion 
 
Results from this research are consistent with previous research on driving performance 
measurements, physiological indicators of vigilance as well as their impairment on 
monotonous roads [4, 14]. Observed impairments are consistent with decreased driving 
performance [14, 20] and hence increased crash risk. The crash risk is also increased in 
monotonous road environment where drivers are less likely to comply with speed limits. This 
could be explained as an attempt from the driver to end the driving task as soon as possible. 
These results are also consistent with vigilance impairment on monotonous roads [4], the 
worse being monotonous roads in terms of both road design and roadside environment. 
 
Effects of monotony are shown in this research to occur very early in the 40 minutes task. 
Driving performance impairment increases the most during the first 10 to 15 minutes for a 
range of metrics (heart rate variability, speed and skin conductance for instance), while other 
are impacted constantly throughout the experiment (lane lateral positioning, steering wheel 
movement and blink frequency for instance). 
 
Driving performance impairment is not due to driver sleepiness. Indeed, the design of the 
experiment insured that participants were awake during the experiment, and the time-on-task 
was reduced (40 minutes). The use of a PERCLOS measurement which is an indicator of 
fatigue supports that impairment observed during this experiment is not due to fatigue. This 
is of concern in terms of road safety since no countermeasure against such type of vigilance 
decrement exists in the current literature. Countermeasures against sleep would not address 
hypo-vigilance due to monotony. To our knowledge, the most promising approach to address 
monotony is to develop ITS interventions monitoring driver performance on monotonous 
roads in real-time. 
 
The design of this study highlights that both road design and road environment variability 
impact on driving performance and driver vigilance. Low road design variability (straight 
roads) impairs lateral lane positioning, steering wheel movements and their standard 
deviation and skin conductance level. Low roadside variability impairs speed control, eye 
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closure, interbeat intervals and heart rate variability. Different metrics are impaired through 
the combination of these two dimensions of monotony. They are the standard deviation of 
the vehicle lateral positioning, the time to lane crossing and the blink frequency. Such results 
should be useful to help improve road designs in order to reduce effects of monotony on 
driver vigilance and hence driving performance. The identification of impaired metrics in this 
study is also useful in order to design the ITS intervention against monotony effects 
suggested earlier. 
 
 
5. Limitations 
 
The research reported in this paper features a number of limitations which should be 
acknowledged. Firstly, the models have been created on driving simulator data. This 
provides useful information on how to model the problem at stake and what measures to use 
but it does not have the reliability of an on-road experiment. It has nevertheless allowed the 
control of (i) many of the parameters influencing vigilance when driving and hence highlight 
the impact of monotony on its own and (ii) the safety of this experiment. The use of a driving 
simulator is also likely to fasten the impact of monotony on vigilance (hazard perception 
reduced during a simulated drive) so that longer driving sessions would be required on-road. 
 
Next, a relatively small number of participants is used in this experiment. It is statistically 
sufficient to highlight the effects of monotony on driving performance but more participants 
would be needed to test their reliability. In particular, females and university-students are 
over-represented in the samples used in this study. While the likely impact of such bias is 
unclear, it still represents a potential limitation.  
 
 
CONCLUSION 
 
This study confirms and extends current knowledge on impacts of monotony on driving 
performance independent of fatigue. Monotony is conceptualised as a multidimensional 
construct. Monotony due to both road design and road environment impairs driving 
performance. Therefore this study informs road designers of the importance of having a 
varied road environment. This experiment also provides the evolution with time of a wide 
range of indicators of driving performance and physiological indicators of vigilance. It 
provides a thorough insight on the negative effects of monotony on driver vigilance and 
driving performance. As a consequence this study provides a range of metrics that can be 
used to detect in real-time the impairment of driving performance on monotonous roads. 
These metrics range from speed, lateral position of the vehicle to physiological 
measurements such as heart rate variability, blink frequency and electrodermal activity. 
Further research is required to develop a mathematical framework which could result in the 
development of an in-vehicle device that warns drivers at early signs of driving performance 
impairment on monotonous roads. 
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